INTRODUCTION
For wide spread use of proton radiation therapy ,which is mild for patients suffering from cancer, proton synchrotrons are required to be decreased in size of total system or to be reduced in its cost. To attain a sufficient energy for cancer therapy in a very compact scale, the magnetic field of the normal-conductive bending magnet have to be excited up to 3 -5 [TI. Proton synchrotron using pulsed high field magnet (5 [TI) was proposed by BINP [l] , and component development had been made [2] . However, field distortion (especially sextupole component) of dipole magnets remained to be improved. Pecardi et a1.[3] proposed the magnet with magnetic field of 4 [TI (referred as STAC magnet hereafter). Recently the design of dipole magnet with magnetic field of 3 [TI was proposed by one of the authors (K. Endo, KEK) [4], and good possibility to realize a very small synchrotron was suggested. Starting from parameters of STAC magnet, we tried to design very high-field, short pulse dipole magnet for compact proton synchrotron dedicated for medical use.
MAIN PARAMETERS OF THE SYNCHROTRON AND ITS DIPOLE MAGNET
A compact 200 [MeV] proton synchrotron with the injection energy of 1 [MeV] has been developed. Four bending magnets and two quadrupole magnets form the basic lattice. As the outer dimension is about 2.3 [m], it can be transported to hospitals after the assembly and tuning in the factory. Main parameters of synchrotron and Figure 1 shows the shape of the dipole magnet.
DIPOLE MAGNET DESIGN

Reduction of multipole coeflcients
Magnetic fields were analysed using a 3 dimensional, time dependent code "JMAG"C5 1. The excited current pattern of the dipole magnet is a quarter wave length of a sine curve. From symmetries of the ideal magnet, only quadrant was analysed. Where By is y component of the field, and Bo the field at the center of the magnet. The a,, and b, are normal and skew 2(n+l)-pole coefficients, and ro is a radius of reference circle (In this study, ro is 10 [mm]). Considering the symmetry of the magnet, b, is always zero if we neglect fabricated error. In generally, sextupole component can be expressed as follows.
Where, p is bending radius of dipole magnet. For example, sextupole component on X axis can be expressed by In order to keep enough size of dynamic aperture during acceleration, the sextupole coefficient (a2) must be controlled at least under 2x10" [3] .
We studied the effect of the coil geometry on the field distortion. As shown in Figure 2 , peak value (mostly at 3.5[ms]) of a2 was much influenced by vertical height of the coil. On the contrary, reducing horizontal width of coil to 6 [mm] (which is almost skin depth of the coil), a2
wasn't influenced so much (not showing in the figure). Figure 3 shows the typical J-MAG outputs representing the contour of the current density distribution in the coil with rectangular shape at different time. Due to current penetration into the coil, the distribution of current density changes during acceleration. Considering the penetration into the coil, we optimized the coil geometry by following method. Figure 4a As a result, the value of a2 after 1 [ms] was decreased (Figure 4b, case2 ). In the 3-rd and the 4-th step, vertical height was increased according to current penetration ( Figure 4a case3 and case4) , so that optimal geometry with the sextupole coefficient of 4~1 0 -~ was obtained. As shown in Figure 5 , the size of dynamic aperture which was calculated using the optimal value of a2 and a4 (case4) is kept during acceleration. Detailed consideration about lattice design or dynamic aperture were reported in the previous report [6] .
The results above shows that eddy current in the coil greatly affects the field distribution. Though we cannot demonstrate here for lack of space, this is even more 2a24pr021. 
Influence of laminated magnetic core
Using laminated silicon steels, no eddy current was assumed in the computational analysis. Figure 6 shows time evolution of a2 using three types of yoke given as follows. The "ideal" is the yoke in which there is no eddy current, the "not laminated" is the yoke using silicon steel which is not laminated, and the "laminated" is the yoke using laminated silicon steel (silicon steel and its insulator are 1 [mm] and 50 [pm] in thickness respectively). As shown in the figure, there is almost no difference in the field distortion nor current between the case of "ideal" and "laminated", while those value in the case of "non laminated" are much larger in all range of the field strength. 
CONCLUSIONS
Very high-field, short pulse dipole magnet was designed.
To reduce multipole field components, the step shaped coil was designed considering the time evolution of the current distribution in the coil. Using this coil geometry, the sextupole coefficient can be controlled within 4x1 0-4 (32 [T/m2] at 4 [TI), so that enough dynamic aperture can be kept during acceleration. Using the laminated silicon steel (thickness of under l[mm]), eddy current hardly occur in the yoke. Besides, to diminish the time variation of the effective length, the shape of magnet-ends in beam direction should be shaped along the constant magnetic flux density contour. Smaller time variation of the effective length can be obtained.
